Agriculture (Poľnohospodárstvo), 60, 2014 (1) : 31−38 DOI: 10.2478 DOI: 10. /agri-2014 Terminal restriction fragment length polymorphism was used to determine the bacterial community diversity in crop rotations with different proportion of cereals (40%, 60% and 80%) and various fertilisation treatments (F1 -mineral fertiliser amendment + the application of organic fertiliser Veget® and F2 -mineral fertilisation) sampled on two dates (July and October 2012) . No statistically significant differences in the number of terminal restriction fragments were detected by Fisher´s least significant difference between two types of fertilisation or among samples with different proportion of cereals. In contrast, statistically significant differences were detected between samples collected in July and October, when in October there was a 43.5% reduction in the number of bacterial species in comparison with July. Principal component analysis as well as cluster analysis showed that a higher similarity in composition of bacterial communities was present among all soil samples collected in July and two samples collected in October. Other samples collected in October were separated from each other. The results of this study demonstrated that bacteria abundance and community composition were not affected by the proportion of cereals and fertiliser used.
Soil microorganisms play a key role in nutrient cycling as they support the decomposition of organic matter, and thus increase the availability of nutrients to plants (Yu et al. 2013) . On the other hand, the structure of the microbial community is mainly affected by plant species, agricultural management and abiotic factors (Hu et al. 1999; Lupwayi et al. 1998; Peacock et al. 2001) . Traditional methods for identification and characterisation of microorganisms are based on the cultivation in liquid or solid media (Torsvik et al. 1990 ), but only 0.001×0.1% of the total bacterial population from natural habitats can be cultivated using standard culture media (Ward et al. 1992) . For this reason, cultivation method is very limiting, and thus molecular methods began to be used to identify microorganisms that require the isolation of DNA (Nordgard et al. 2005) . One of the most used methods is terminal restriction fragment length polymorphism (T-RFLP) (Liu et al. 1997) , which is a method of comparative community analysis. Metagenomic DNA isolated from environmental samples is used as a template in PCR to amplify the marker gene (mainly 16S rRNA gene for prokaryotes and 18S rRNA gene for eukaryotes). Forward primer is fluorescently labelled on the 5' end. PCR products are digested with one or more restriction endonucleases, fragments are separated in capillary electrophoresis, and only terminal restriction fragments (T-RFs) containing fluorescently labelled primer are detected. The result of T-RFLP analysis is the profile that consists of T-RFs. T-RFs are then identified by comparing their sizes with DNA standards. Each T-RF represents one operational taxonomic unit that is defined as a group of 16S rDNA sequences having the same size of T-RFs (Moeseneder et al. 1999) . Each peak represents a specific species or group of microorganisms.
At present, many farmers increase the proportion of cereals in crop rotations. Therefore, the research was realised in crop rotations with 40%, 60% and 80% proportion of cereals. The aim of this study was to screen and investigate changes in soil bacterial diversity as a result of the impact of different proportion of cereals and various fertilisation treatments using PCR amplification of 16S rRNA gene followed by the T-RFLP method.
MATERIAL AND METHODS

Characterisation of field experiment
The presented results are a part of a long-term field experiment established in 1974 in the maize and barley producing area at the Experimental Station Borovce belonging to the Research Institute of Plant Production in Piešťany, Slovak Republic. The experimental fields at Borovce are located at an elevation of 167 m above sea level. The region is characterised by continental climate with an average annual rainfall of 593 mm (358 mm during the vegetation season) and long-term average annual temperature of 9.2°C (15.5 during the vegetation season). The soil characteristics of field plots are as follows: Haplic Chernozem. The depth of plow layer was 0.24-0.28 m. The depth of mollic horizon was 0.40-0.55 m; it was differentiated in the upper (eluvial) and under (illuvial) layer. At a depth of 0.50-0.85 m, the mollic horizon proceeded into calciferous loess. Conventional ploughing to depth 0.22-0.25 m, sowing, fertilisation and plant treatments were performed according to recommendations for the given area. The pesticide treatments were realised according to the actual occurrence of diseases, pests and weeds. Crop rotations are introduced in Table 1 . Doses phosphorus and potassium were calculated according to the balance methodology (P, K) (Bizík et al. 1998) , and dose of nitrogen was calculated by the methodology of Ložek (1998) . The amounts of nutrients are declared in Table 2 . Two types of fertilisation were used: F1 -mineral fertiliser amendment + the application of organic fertiliser (Veget®) and F2 -mineral fertilisation. Veget® was applied at a dose of 5 tons per hectare per year. The composition of organic fertiliser Veget® [ČOV, a. s., Biotika, a. s., Slovenská Ľupča, Slovakia] is as follows: dry matter content min. 85% (includes combustible matter content 75%; total N content 2.5-3.0%; total P 2 O 5 content 0.5-2.0%, and K 2 O content 1.5%), ratio C:N 13:1 and pH (in water) 8.5. Veget® is produced from waste materials after industrial antibiotic production.
T-RFLP analysis
Soil samples were collected from a depth of 10 cm on two dates, 2 nd July and 24 th October 2012, and exact daily rainfall and temperature measured at monthly intervals prior to the collection of soil samples as illustrated in Figure 1 . In July, all plots were planted with winter wheat, but in October the
The crop rotations with 40%, 60% and 80% proportion of the cereals (Edwards et al. 1989 ) and 926R (CCGTCAATTCCTTTRAGTTT) (Muyzer et al. 1995) were used. PCR was performed using the programme: 3 min at 95°C, 35 cycles of 30 s at 94°C, 30 s at 47°C, 1 min at 72°C and final polymerisation 10 min at 72°C in GeneAmp PCR System 9700 (Applied Biosystems). Three separate PCR mixtures from each plot were pooled, and PCR products were purified by the PCR Purification & Agarose Gel Extraction Combo Kit (Ecoli s.r.o.) according to the manufacturer's protocol. After purification, PCR products were digested with CfoI restriction enzyme (Roche). Digestion mixture (total volume 20 µl) containing 10 U of restriction enzyme, 2 µl of 10 × buffers and 10 µl of purified PCR reaction mixture was incubated for 3 h at 37°C. Samples were purified after cleavage using a purification kit mentioned above. T-RFs were separated by electrophoresis in ABI Prism 3100 Avant apparatus (Applied Biosystems) with LIZ 1200 internal standard. Electrophoretograms were analysed by GeneMapper 3.5 (Applied Biosystems). Only fragments between 70 bp and 915 bp were used for evaluation.
Statistical analysis
The results obtained were statistically evaluated by Fisher's least significant difference (LSD) procedure at the 95.0% confidence level. Bacterial communities in different samples were compared by the presence/absence of specific T-RFs. T-RF peaks were classified as present (1) or absent (0) in each sample, and the binary system was used for principal component analysis (PCA) using the Statgraphics XV.II statistical program. Binary system was also used to create a dendrogram using UPGMA clustering and Jaccard's similarity coefficient by the DARwin software (http://darwin.cirad.fr/darwin; Perrier and Jacquemoud-Collet 2006).
RESULTS
The number of T-RFs detected after digestion with CfoI ranged from 25 to 61 for samples collected in July and from 6 to 27 for samples collected in October. The total of 92 different T-RFs from July 
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and 52 different T-RFs from October were obtained using the enzyme CfoI; this means a 43.5% reduction of bacterial species in October (LSD, P < 0.05). Simultaneously, the number of detected T-RFs among individual soil samples was very different, but statistically significant differences were not detected (LSD, P > 0.05) (Figure 2 ). T-RFs detected in all variants (ubiquitous T-RFs) were present only 570,9 in soil samples collected in July. The intensities of the fluorescent signals of these T-RFs were different for each sample (Figure 3 ), but in each sample the highest fluorescence corresponded with fragments of 76 bp, 505 bp and 199 bp, respectively. All ubiquitous T-RFs could reflect the most commonly occurring bacteria in summer time or bacteria specific for soil in experimental location. In October, these T-RFs were detected in 0-4 soil samples; sample F2 40% did not have any ubiquitous T-RFs from July.
On the other hand, in samples F1 80% and F2 80%, eight T-RFs identical to July ubiquitous T-RFs were detected. Simultaneously, the July ubiquitous T-RF 211 bp was not present in any soil sample collected in October. The sizes of experimentally obtained ubiquitous T-RFs from July were compared with in silico T-RFs of known bacteria using the program MiCA 3 (http://mica.ibest.uidaho.edu/, Shyu et al. 2007 ) in order to obtain an approximate view of the specific groups of bacteria contained in each soil sample. Seven out of ten ubiquitous T-RFs most likely correspond to the Proteobacteria group (specifically 77 bp and 505 bp -Alphaproteobacteria, 199 bp and 203 bp -Betaproteobacteria, 87 bp -Gammaproteobacteria, 89 bp -Deltaproteobacteria, 211 bpProteobacteria). Two ubiquitous T-RFs correspond to the Firmicutes group (76 bp and 660 bp) and one to the Actinobacteria group (197 bp). PCA analysis shows that the similarity in composition of bacterial communities between soil samples was higher in
July than in October (Figure 4 ). Samples F1 80% and F2 80% collected in October reveal high mutual conformity in bacterial composition, and in the PCA graph they are placed separately from the other samples. This suggests that there was no influence of various fertilising on significant changes in bac- Figure 4 . Principal component analysis (PCA) of terminal restriction fragment length polymorphism profiles of bacterial communities from soil samples with different proportion of cereals (40%, 60% and 80%) and various fertilisation treatments (F1 -mineral fertiliser amendment + the application of organic fertiliser Veget® and F2 -mineral fertilisation) created by using binary data. Samples collected in July are in the left PCA graph and samples collected in October are in the right PCA graph and the relative similarity of samples is characterised by proximity to each other. Both PCA graphs explained 74% of the variability in the data. Figure 5 . Principal component analysis constructed from soil samples with different proportion of cereals (40%, 60% and 80%) and various fertilisation treatments (F1 mineral fertiliser amendment + the application of organic fertiliser Veget® and F2 -mineral fertilisation) collected on two dates in 2012 (letter after the name of the sample in PCA graph indicates the collection period: July -J, October -O). The first, second and third principal components explained 32%, 16% and 10% (respectively) of the variability in the data with a total of 58% of the variability. The relative similarity of samples is characterised by proximity to each other. terial communities in this case. The October sample F1 60% is located between the two more compact set of samples consisting of F1 80% + F2 80% and F1 40% + F2 40% + F2 60% (Figure 4 right) . PCA analysis constructed from all samples collected in July and October confirmed the similarity between all the July samples ( Figure 5) . Also, the October samples F1 80% and F2 80% were assigned to these July samples, indicating their differences from the other October samples. The remaining four samples from October were separated from each other. The cluster analysis based on the calculated Jaccard's coefficient ( Figure 6 ) presents two main clusters (I and II); while cluster I is divided into two smaller clusters (Ia and Ib). All the July samples with samples F1 80% and F2 80% from October form the single cluster Ia. In cluster Ib, there are three samples, F2 40%, F2 60% and F1 40%, collected in October. The October sample F1 60% creates a completely separate cluster II, which suggests the difference in bacterial composition in comparison with the other samples.
DISCUSSION
Soil microbial biomass is closely related with soil fertility (Yao et al. 2000) because it defines the quality and productive capacity of soils (Fernandes et al. 1997) . It is also regarded as one of the most sensitive indicators for evaluating the sustainability of a management system (Gregorich et al. 1997) . The application of T-RFLP method in combination with PCA and cluster analysis provides a useful tool for detection of differences in soil bacteria communities and their abundance. The results of this study demonstrated that the bacteria abundance and community composition were not affected by the proportion of cereals and fertiliser used, mainly samples collected in July. Statistical differences detected between collection periods could be caused by different temperature and rainfall, too. Particularly, the rising temperature and higher rainfall recorded before first soil sampling in July could provide better conditions for the growth of various bacteria. On the contrary, in October, falling temperature with lower rainfall could lead to decreased soil bacterial diversity as a consequence of deteriorative conditions. Yu et al. (2013) observed small changes in the bacterial community structures depending on long-term land use and fertilisation by DGGE method, and they also did not detect any significant correlations between bacterial diversity and soil properties. They suggest that soil bacterial community is not strongly driven by the type of fertilisers and soil management strategies. The result from this study was also similar to the observations of Sarathchandra et al. (2001) who detected that nitrogen and phosphate fertilisers had no significant effect on soil microbial populations using the cultivation method. Poulsen et al. (2013) also found no major changes in the community composition due to different fertiliser treatments using pyrosequencing and they demonstrated a high robustness of the soil microbiota.
CONCLUSIONS
This study has demonstrated no significant changes in soil bacterial community composition between the two types of fertilisation. Also, composition of soil bacterial community was not affected by different proportion of cereals in crop rotation, even in 80% proportion of cereals. Significant changes were observed only in the sampling period, i.e. between July and October, while in October there was a decrease of bacterial species.
